Abstract: Polyphosphonates of high molecular weights were prepared from chloromethylphosphonic dichloride (CMPD) and 4,4'-sulfonyldiphenol (SDP) by two-phase interfacial polycondensation (l-l), in an organic solvent-aqueous alkaline solution system, with a phase-transfer catalyst, at -8 º -0 ºC. Alternative method, namely vapor-liquid interfacial polycondensation (v-l) of the same reagents gave better results (higher inherent viscosities and molecular weights). The polymers were characterized by spectroscopic techniques IR and 1 H-NMR. The molecular weights and thermal stability determinations were carried out by gel chromatography and thermogravimetry. The effect of reaction temperature on yield and inherent viscosity in l-l and v-l interfacial polycondensation was studied. In l-l system the highest inherent viscosities were obtained at -8 º -0 ºC, whereas in v-l system the maximum inherent viscosity was obtained at 120 ºC.
INTRODUCTION
The only valid generalization about phosphorus polymers is that they tend to be flame retardants. 1 Other interesting features of phosphorus polymers are their adhesion to metals, metal ion-binding characteristics and increased polarity. 2, 3 In recent years, a variety of polymeric phosphonate and phosphate esters, as shown in Fig. 1 , have been reported.
Polycondensation of bisphenols with alkyl(aryl)phosphonic dichlorides is the most important method which generates polyphosphonates and polyphosphates.
This procedure includes melt, 4 solution, 5 solid-phase polycondensation using ultrasound 6 and interfacial polycondensation. [7] [8] [9] The interfacial method or phase transfer catalysis yields linear, solid and high molecular weight polymers. In previous papers, it was demonstrated that liquid-liquid (l-l) 10, 11 and vapor-liquid (v-l) 12, 13 interfacial polycondensation of various phosphonic dichlorides (cyclohexylphosphonic dichloride, CPD, or phenylphosphonic dichloride, PPD) with bisphenol A, BA, is a useful method for the preparation of polyphosphonates on the laboratory scale.
It is known that the inclusion of a halogen atom, besides a phosphorus atom, in certain structures considerably improves the fire-resistant properties of polyphosphonates. Therefore, in this paper, the synthesis of a polyphosphonate with a halogen atom in the side chain by phase transfer catalysis of chloromethylphosphonic dichloride (CMPD) with 4,4'-sulfonyldiphenol (SDP) (reaction 1) in liquid-liquid and vapor-liquid systems is presented. For comparison, the polyphosphonates obtained by the reaction of phenylphosphonic dichloride (PPD) and SDP are presented. 13 This paper presents a comparative study of the influence of the reaction temperature on the yield and inherent viscosity of polyphosphonates obtained in l-l and v-l systems.
EXPERIMENTAL

Polycondensations
Chloromethylphosphonic dichloride (CMPD) (from Aldrich) was distilled under reduced pressure prior to use. 4,4'-Sulfonyldiphenol (SDP) was supplied by Aldrich and was used without further purification. The solvents (from Aldrich) and the catalyst, tetrabutylammonium bromide, TBAB (from Aldrich) were used as received.
Two synthesis procedures were used: liquid-liquid 10 (l-l) and vapor-liquid 12 (v-l) interfacial polycondensations.
Liquid-liquid (l-l) interfacial polycondensation
To a solution of 0.021 mol 4,4'-sulfonyldiphenol (SDP) and 50 ml of 1 M aqueous sodium hydroxide in a flask fitted with a stirrer, 0.005 mol tetrabutylammonium bromide (TBAB) as catalyst and 20 ml CCl 4 were added. The solution was cooled to -8 ºC by means of an ice/ethanol bath, and a solution of 0.021 mol chloromethylphosphonic dichloride (CMPD) in 100 ml organic solvent was added dropwise during 30 min, under vigorous stirring (» 12000 rpm). The reaction mixture was stirred at -8-0 ºC for 1 h, and the supernatant aqueous layer was decanted. The solvent was removed by distillation under reduced pressure and the crude polymer was obtained as a tacky, coherent mass. The product was washed several times with ice/water to remove sodium hydroxide, and then dissolved in 40 ml CCl 4 . The resulting solution was poured into 300 ml hexane to precipitate the polymer. The precipitated polymer was collected and dried at 50 ºC under vacuum and then weighed.
Vapor-liquid (v-l) interfacial polycondensation
In a round-bottom flask, which was immersed in an oil bath, the appropriate amount of CMPD was heated and was carried into a flask containing aqueous NaOH and SDP by a stream of nitrogen. The nitrogen stream not only serves as a carrier gas for the CMPD and for the formed hydrochloric acid, but also protects the reaction mixture from atmospheric oxygen and agitates the reaction mixture. The reaction rate can be controlled by the nitrogen flow rate. The entire quantity of CMPD is transferred from the first round-bottom flask to the second one. The formed polymers were separated from the reaction mixture from the second flask by filtration using a G4 glass funnel under vacuum. The polymer separates from the mixture as a tacky, coherent mass, adhering to the container surface. When organic solvents were used, the layers were separated and the organic solvent removed under reduced pressure and the polymer was precipitated in the same manner as in the l-l system. The solid polymer was washed with distilled water until free of chloride ion and dried at 50 ºC under vacuum. The obtained polymer showed wide ranges of consistency and softening.
Instruments
The IR and 1 H-NMR were recorded on a SPECORD M80 spectrophotometer and a JEOL C-60 MHz spectrometer, respectively, in DMSO-d 6 solution (CDCl 3 , 50 ºC, 60 MHz). The polymers were characterized by viscosity using an Ubbelohde viscosimeter, at 20 ºC and by gel permeation chromatography,using an Evaporative Light Scattering Detector, PL-EMD 950" (2´PL gel MIXEDC 300´7.5 mm columns; T = 25 ºC; DMF as solvent; flow rate Marker: PS 580). Thermogravimetric analyses were carried out on a Paulik-Paulik-Erdey-apparatus (MOM -Budapest), by heating in air (3 -5 mg) from the ambient temperature of 20 ºC to 700 ºC at a rate of 12 ºC/min.
RESULTS AND DISCUSSION
In previous papers 10, 12 it was demonstrated that phase transfer catalysis polycondensation in l-l and v-l systems were useful for the preparation of high molecular weight aromatic polyphosphonates. Therefore, these methods were applied to the l-l and v-l interfacial polycondensation of CMPD with SDP. The polyphosphonate was characterized by inherent viscosity and gel permeation chromatography. From Table I it can be seen that the M w values were generally in the range of 9000-12000. The infrared (IR) spectrum (film) exhibited absorptions at 920, 1200 cm -1 (P-O-C), 1580, 1470 cm -1 (aromatic ring stretching), 1300 cm -1 (P=O) and 1150, 1470 cm -1 (SO 2 ).
The 1 H-NMR spectrum of the polyphosphonate (CMPD-SDP) in DMSO-d 6 is presented in Figure 2 . The spectrum shows signals (d) at 4.54 ppm (for the methylene resonance). A resonance proton in the ortho position to the sulphonyl group appears at 8.05 ppm and in the meta position at 7.45 ppm.
The polyphosphonates obtained in the l-l and v-l systems were soluble in N,N-dimethylacetamide, tetrahydrofuran, chloroform and insoluble in acetone, methanol, and hexane.
The thermogravimetric data of the polyphosphonates (PPD-SDP = I and CMPD-SDP = II) obtained with a sample weight of 3-5 mg are shown in Fig. 3 . For comparison, the thermal behavior of the polyphosphonate PPD-SDP is presented. All the polyphosphonates (I, II and III-where II = in the l-l system, and III in the v-l system) are stable up to 350 ºC and start degrading between 350 -370 ºC. The temperatures corresponding to 1 % weight loss, 50 % weight loss, inception of the fast degradation and the char remaining at 700 ºC are given in Table II . For the polyphosphonates II and III the temperature corresponding to 50 % weight loss varied from 510 -520 ºC and the char yield varied from 38 -40 %. Sharp exotherms were observed at 548 and 530 ºC, respectively. The higher thermal stability of the polyphosphonate PPD-SDP may be due to the presence of the phenyl ring. In order to obtain more information concerning the preparation of high polyphosphonates in the l-l and v-l systems, the effect of the reaction temperature on the yield and inherent viscosity was studied and the results are presented in Table III. It should also be noticed that in liquid-liquid and vapor-liquid system the maximum yields varied between 60 -75 %, perhaps owing to basic degradation of the polyphosphonates. It can be seen from Table III that the inherent viscosity increases with increasing reaction temperature in the v-l polycondensation, and decreases with increasing reaction temperature in the l-l polycondensation. Dobijeni su polifosfonati velike molarne mase dvofaznom me|ufaznom polikondenzacijom (t -t) u sistemu organski rastvara~-vodeni alkalni rastvor uz pomo} katalize prenosa faza pri -8 -0 ºC. Alternativna metoda me|ufazna polikondenzacija na granici para -te~nost (p -t) sa istim reagensima daje boqe rezultate (ve}i inherentni viskozitet i ve}u molarnu masu). Polimeri su karakterisani IR i 1 H-NMR spektroskopskim tehnikama. Molarne mase i termi~ka stabilnost odre|ene su gel-hromatografijom i termogravimetrijom. Prou~en je uticaj temperature na prinos i inherentnu viskoznost i kod t -t i kod p -t me|ufazne polikondenzacije. U sistemu t -t najvi{i prinosi dobijeni su pri -8 -0 ºC, dok se u p -t sistemu najve}i inherentni viskozitet dobija pri 120 ºC. 
